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TITLE OF THE INVENTION 



SEMICONDUCTOR INTEGRATED CIRCUIT WITH MIXED GATE ARRAY 
AND STANDARD CELL. 

5 

BACKGROUND OF THE IN\TSNTIOK 

1. Field of the Invention 

The present invention relates to an integrated circuit 
10 using a; standard cell design methodology in which gate 

array basic cells are mixedly-mounted on a circuit which is 
constructed by use of standard cells. 

2, ; Description of the Prior Art 

15 A t ulcus torn IC is suitable for the case where high 

performance ICs are mass-produced, but it has such a 
disadvantage that a period of time required from design 
process to manufacture process is long. On the contrary, a 
semicustom IC is suitable for the case where a user- 

20 oriented LSI should be developed in a short period of time 
if patterns of the logic cells, etc. are executed according 
to design automation (DA) by using a computer. Sometimes 
design iautomation by using the computer can be introduced 
into the fulcustom design. In this case, mainly such 

25 automation is applied to prediction of circuit operation 
and pattern verification. Standardization of design 
automation has not been c&rried out in other design aspects 
and therefore the designer has proceeded circuit design in 
an interactive manner with manual intervention, i.e., so- 

30 called computer-aided design approach has been introduced, 
Meknwhile, the semicustom approach is design 
automation by use of the computer because design techniques 
are standardized, and the gate array design methodology and 
the standard cell design methodology have been known. 

35 According to the gate array design methodology, a master 

chip on! which basic cells are arranged in a matrix form is 
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prepared; in advance, then only metal wiring layer design on 
the basic cells is executed, and then the user oriented LSI 
can be developed in a short period of time by laying wiring 
connection of the metal wiring layers. Factors to enable 
5 development of the gate array in a short period of time are 
(a) the akanufacturing step is only a wiring step for the 
metal wiring layer; (b) packaging and evaluation term is 
short since chip size, number of pads, etc. are determined 
previously; and (c) verification of function can be 
10 conducted quickly and troubles due to miss can be reduced 
smaller since verified cells are used and LSIs are designed 
0 and logically verified by means of design automation. 

S3 Whllje, the standard cell design methodology is 

2 resemble :to the gate array design methodology in a respect 

^ 15 that the [integrated circuit to satisfy desired logical 

Qj s functions; can be achieved by use of a cell library in which 

information of the cells being designed and verified 
manually or by the computer In advance are stored. 
However, usually the cells used in the standard cell 
architecture have logical functions like a simple logic 
gate and a flip-flop, and in many cases have rectangular 
& patterns with a uniform height H and widths W, the width W 

ls set to; be variable geometrically. As shown in FIG.1, 

normally £he standard cells (SCI. SC2 , SC3. SC4. SCS ) 

100 are never spread all over the surface of the chip 101. 
In other words, wiring channel regions in which the metal 
wirings to connect the standard cells 100 are formed 
between device rows on the chip 101. The empty space .102 
In which no standard cell 100 is arranged still remain in 
each device row as regions in which no functional device 
such as transistor is formed and which is used only to form 
the metal ; wirings. 

In the integrated circuit being constructed by use of 
such standard cells, when design change is needed due to 
circuit change, etc.. only the metal wirings may be 
modified Unless the number of transistors and the 
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configuration are still not changed, but further 
transistors must be added newly if extra transistors are 
needed.? In this case, design change cannot be satisfied 
only by; changing the metal wirings and thus preceding steps 
5 rathor -than the last few wiring steps in the fabrication 
process;, i.e., selective ion-implantation steps to form 
diffusion layers of the source/drain regions constituting 
the transistor, CVD step and RIE step to form the 
polysilicoa layer, must be changed. Of course, change of 
10 the mask patterns used in these steps is also added to such 
change of steps. Therefore, if the circuit change with 
additional arrangement of the transistors is demanded, turn 
around "time of the LSI using the standard cell approach is 
extended . 

15 On; the contrary* the gate array design style is a 

design In which a desired circuit is constructed by 
providing the wirings to the basic cells which are arranged 
regularly and fixedly on the matrix. The basic cells used 
in the pate array approach are identical cells which have 

20 no logic function by themselves, simple logic cells such as 
simple gates, flip-flop, etc. which are formed by 
connecting one or plural basic cells simply, and the like. 
In the Integrated circuit using such gate array design 
style, especially the circuit called "as whole surface 

25 spread-byer type", the uniform transistor array are 

arranged all over the chip surface in advance and then 
various; circuits can be constructed with the use of a part 
of the array. In the gate array architecture, like the 
standard cell architecture, the transistors not used also 

30 remain as they are. Therefore, if the circuit change is 
demanded i such circuit change can be treated only by 
changlnig the metal wirings while using such unused 
transistors. In addition, since a master-slice prepared 
previously is used in the gate array chip, a term for last 

35 few manufacturing steps of metal wirings is required, so 
that thifc circuit can be developed in a short period of 
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time, ffowever, since only the basic cells being prepared 
beforehand can be used upon design of the circuit in the 
ffate arr^ay design, there has been such a disadvantage that 
a margin in circuit design is limited, for example, the 
5 size of the transistors cannot be reduced. 

Mempry, CPU core. ALU. A/D converter, D/A converter, 
display.: and various I/O circuits are included almost 
surely In the large scale circuit system. And as the 
circuit jscale is made huge, the necessity to mount such 
10 subsystems on the same chip arisen. Hence, recently 
memory/lpgic mixedly mounting design methodology, 
analogue/digital mixedly mounting design methodology, etc. 
O become important. For this reason, there have been 

developed a composite gate array in which memory leased 
regions are provided in a part of the master chip, or "an 
embedded J array" in which manufacturing of the substrate and 
design of the gate array portion ean be advanced 
simultaneously by combining a logic circuit area consisting 
of the channelless gate array and the large capacity memory 
or the processor core on the same chip. This array Is 
highly observed recently since the Integration density and 
flexibility like the standard cell can be obtained and the 
development term can be shortened like the gate array. in 
FIG. 2, a lease is shown wherein the channelless type gate 
array region 221 and the channelless type standard cell 
region 222 together with a megacell 213 and megafunctions 
211. 212 rare formed on the chip 201. The "megacell 213" 
means the; cell which has fixed layout pattern of the cell, 
and the representative megacell is memory such as ROM or 
RAM, multiplier, etc. whose performance depends on the 
layout. >The "megaf unctions 211, 212" means the circuit 
which cart be implemented by combination of macrocells on 
the layout though it is treated theoretically as a lump of 
cells, and the representative megaf unction is ALU, CPU 
core, etcu whose chip integration degree is affected by 
connection relationship between the megafunction and other 
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blocks.! The channelless type gate array region 221 is. 
ffate array region in which the wiring channel region is 
eliminated, the irate array is spread over the whole logic 
circuit; area 221. and the basic cell can be used as either 
5 the wirings or functional block according to the demand. 
The channelless type standard cell region 222 i 3 a region 
in whicii the wiring channel region is eliminated and the 
standard cells is spread over the whole logic circuit area 
222. 

10 as , stated above, in the integrated circuit using the 

standard cell architecture in the prior art. if the circuit 
change with additional arrangement of the transistors is 
demanded, "pre-stage-steps" of all steps to manufacture the 
integrated circuit, which need a long period of time 
necessary for process such as formation of the source/drain 
diffusion layers or the gate polysiiiccn layer, must be 
changed.; As a result, for example, though the metal wiring 
step takfes about two days, normally "pre-stage-steps" 
including the diffusion step applied below the metal wiring 
layer take more than seven days. 

In contrast, in the integrated circuit using the gate 
array architecture in the prior art, since design change 
C Gan be effected only by changing the wirings, there has 

^ been such an advantage that the circuit change can be 

25 easily carried out. Conversely, since the basic cells used 
are simple, a margin in circuit design is low rather than 
the standard cell layout. For this reason, in the 
integrated circuit using the gate array layout, there have 
been disadvantages that circuit design becomes difficult 
and sometimes it becomes difficult to achieve desired 
circuit performance. For Instance, such a disadvantage is 
caused that, if it is desired to reduce power consumption 
in the particular circuit, excessive current are passed 
because the sizes of the transistors are fixed. 

These problems are caused similarly in the embedded 
array shown in FIG. 2. Even the region 222 in which the 
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standard cells are spread all over the logic circuit area 
and the: region 221 in which the gate array is spread all 
over the logic circuit area cannot be escaped from natural r 
performances and characteristics of the standard cells and j 
5 the gate array, and therefore they cannot overcome the 

natural i problems included in the conventional cells at all. 

SUMMARY OF THE INVENTION 

10 Therefore, the present invention has been made in view 

of the above circumstances and it is an object of the 
present! invention to provide an integrated circuit using a 
O standard cell architecture capable of executing 

® modification of cell arrangement, wirings, and circuit ! 

5 15 easily on a chip and achieving shortening of development 

iy period. 

tf % It= i & a concrete object of the present invention to 

m provide; an integrated circuit using a standard cell j 

f architecture capable of executing easily circuit 

20 modification such as increase/decrease of driving i 
capability of the circuit, increase/decrease of power ! 
consumption, etc. in the circuit and being manufactured in 
a short! period of time. 

In; order to achieve the above objects, a first feature 
25 of the present invention is a semicustom integrated circuit 
comprising a plurality of cell rows, in each row a 
plurality of standard cells are arranged, and gate array 
basic cjells formed in empty spaces of a predetermined cell 
row outi of the plurality of cell rows. Where the cell row ! 
30 Is of course constructed by arranging a plurality of 

standard cells with the empty space. Respective standard j 
cells are formed on a basis of a rectangular pattern region 
having a predetermined uniform height H and a predetermined 
width W> That is, an outer shape of the standard cell is 
35 the rectangular pattern region of (height H)x (width W) . 
The width W of the rectangular pattern is variable and can 
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take various values. It is preferable that the sate array 
basic cells formed in empty spaces of the standard cells 
are formed on a basis of a rectangular pattern having a 
predetermined width W and a height K substantially 
S identical to that of the standard cells since the wiring 
can be made easy. The wording "on a basis of a rectangular 
pattern? means that the outer shape of the gate array basic 
cell takes the rectangular pattern shape of (height 
H)x (width w) apart from the shapes of transistors, etc. in 
10 the celi. The gate array basic cell may be formed not only 
in the dmpty spaces of the standard cells but also the 
wiring channel regions between the plurality of cell rows. 
In addition, if an integration degree of LSI chip will be 
increased, the gate array basic cells may be formed in the 
15 empty spaces of the standard cells in respective 
H predetermined cell rows, in the channelless standard cells 

j~j In which the free areas as the wiring channel regions 

^ between ;the plurality of cell rows can be removed and 

respective cell rows are disposed adjacently mutually. 

According to a first feature of the present invention, 
the gate; array basic cells are arranged preliminarily in 
the empty spaces in which the standard cells are not 
arranged;, and then the circuit change is made by use of the 
basic cells when demand for circuit change is generated. 
Therefore, various circuit change can be implemented only 
by changing the overlying wiring patterns with no influence 
on the "underlying patterns" of the standard cells, so that 
turn around time can be shortened. In the LSI 
manufacturing process, since it takes a lot of time to form 
the polysilicon gate regions and the source/drain regions 
below the wiring layers, development time of the integrated 
circuit can be extremely reduced by neglecting such change 
of underlying patterns when the design change or 
specification change occurs. Furthermore, intermediate 
buffers can be arranged easily by means of combinations of 
the standard cells and the basic cells to increase the 
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driving capability and to suppress the clock skew. in 
addition, iff the standard cells and the basic cells are 
arranged; pursuant to the same grid system, or if heights of 
both rectangular patterns are arranged to coincide with 
each other and design specifications are arranged to mate 
with each other, mixed standard cell and basic cell layout 
can be facilitated and also constraints in arrangement and 
routing ban be relaxed widely in contrast to the prior art. 

A second feature of the present invention relates to a 
large scale circuit system including memories, CPU core, 
ALU, A/D ! converter, D/A converter, display, and various I/O 
circuits^ In other words, zhe second feature of the 
present invention resides in that a logic circuit area (a 
logic block) having mixed standard cell and gate array 
layout and a megacell (and/or a megafunction) are provided 
on a same semiconductor chip (LSI chip). Where the term 
"megacell" means the cell which has fixed layout pattern of. 
the cell; and the representative megacell is memory such as 
ROM or RAM. multiplier, etc. whose performance depends on 
the layout. The term "megafunction" means the circuit 
which can be implemented by combination of macrocells on 
the layout though it is treated theoretically as a lump of 
cells, and the representative megafunction is ALU, CPU 
core, etci. whose chip integration degree is affected by 
connection relationship between the megafunction and other 
blocks. 

In the prior art, the LSI chip in which the niegacells, 
etc. and the logic circuit areas (logic blocks) are mounted 
on the same chip has been proposed. However, in this case, 
only the Mandard cells or only the gate array basic cells 
are spread over entirely in the logic circuit area. Hence. 
In the large scale circuit system, if the specification 
changes or design changes are requested, patterns of 
underlying gate polysiiicon regions and source/drain 
regions must be changed and accordingly a series of process 
steps such as ion-implantation, oxidation, CVD, RIE, etc. 
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=mst be; executed „ aln . ^ tfce 
Prolong, a^ therefore such approach cannot 
respond to design change, specification change of the 
Integrated circuit. 

According to the second feature of the present 
lovwtlop. the gate array basic cells are arranged 

circuit Change can be made by use of the basic cells when 

ci^uit Li rcuit r- is ™ tea - ni — • 

circuit ^han,. can be Implemented only by changing the 
metal wirings with no influence on the circuit 

la no need for executing ion-lmplantatlon process of the 
underlying layer, etc. once again and various circuit 
changes cpn be enabled only by changing the overlying metal 

rZt7* r, ;/° that *•» ™ b. shorten" 

in addition, if specifications of the standard cells sc and 
the basic; cells GC are mated with each other to be arranged 
on the same grid, mixed standard call . nd basic eel! layout 
J.J can be faciutated and also constraints In arrangement and 

routing can be relaxed widely m contrast to the prior art 
Especially, the gate array bas!c cells have such a ' 
disadvantage that sometimes power consumption cannot be 
reduced by reducing the transistors according to 
specification since sizes of the transistors are fixed m 

iT^'i^/ 1 *" ° f - »• -rled'ev': 

If the hel;ght of the cell la fixed, power consumption In 
the standard cells can be reduced by reducing the sizes of 
the transistors according to requested specifications. 
Hence power consumption of overall LSI chip can be reduced 
by combining the gate array basic cells with the standard 
ceil, appropriately, m other words, both the feature that 
high integration density of the standard cells and low 
Power consumption can be mad. easy by mix.dly mounting the 
standard cells and the gate array basic cells 1„ the Lglc 
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circuit area (logic block) and that flexibility in circuit 
design can be enhanced, and the feature that enables short 
development period of time of the gate array can be 
achieved Jcommonly. Furthermore. It is similar to the first 
5 feature t;hat intermediate buffers can be arranged easily by 
means of ^combinations of the standard cells and the basic 
cells to lincrease the driving capability and to suppress 
the clock skew. Likewise, according to the second feature 
of the present invention, improvement in characteristics of 

10 the large; scale LSI chip such as calculation time, power 
consumption, etc. and high integration density can be 
facilitated and in addition flexible circuit design can be 
achieved.: And, the turn around time can be shortened since 
such approach can quickly respond to the design change. 

15 Other and further ob Jeers and features of the present 

invention; will become obvious upon an understanding of the 
illustrative embodiments about to be described in 
connection with tha accompanying drawings or will be 
indicated; in the appended claims f and various advantages 

20 not referred to herein will occur ro one skilled in the art 
upon employing: of the invention in practice. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 FIG. i is a plan view showing: an overall configuration 

of an intjegrated circuit chip using a standard cell layout 
in the prior art; 

FIG.12 is a plan view showing an overall configuration 
of an embedded array chip in the prior art; 
30 FIGsi. 3A to 3D are plan views showing various 

configurations of integrated circuits using a hybrid 
standard cell architecture according to a first embodiment 
of the present invention; 

FIG.4A is a plan view showing a tree and branches to 
35 arrange intermediate buffers to suppress clock skew. 

FIG.4B is a plan view showing an arrangement of 
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intermediate buffers after speculation of FIG.4A to 
suppress clock skew in the integrated circuit using- the 
hybrid ;standard cell architecture according to the first 
embodiment of the present invention; 
5 Fifes. 5A to 5C illustrate an integrated circuit 

according: to a first example of the first embodiment of the 
present; invention* wherein F1G.SA is a plan view showing: 
patterns of underlying layers, FIG-5B is a plan view 
showing? overlying metal wiring layers formed on the pattern 
10 shown in FIG.5A, and FXG.5C is a view showing an equivalent 
circuit of the circuit shown in FIG.5B; 

FIG. 6 is a plan view illustrating a configuration of 
O an integrated circuit using the hybrid standard cell 

2 architecture according to a second example of the first 

-S 15 embodiment of the present invention; 

Of FIG. 7 is a plan view illustrating a configuration of 

2 an integrated circuit using the hybrid standard cell 

Ul architecture according to a third example of the first 

; embodiment of the present invention; 

f?5 20 FIG, 8 is a plan view illustrating a configuration of 

nj an integrated circuit using the hybrid standard cell 

architecture according to a fourth example of the first 
embodiment of the present invention, wherein, modifications 
are introduced into the circuit configuration shown in 
25 FIG. 7; [ 

FIG .9 is a plan view illustrating a configuration of 
an integrated circuit using the hybrid standard cell 
architecture according to a fifth example of the first 
embodiment of the present invention; 

30 FIG.10A is a plan view illustrating a configuration of 

an integrated circuit using the hybrid standard cell 
architecture according to a sixth example of the first 
embodiment of the present invention, wherein gate array 
basic cells are arranged in empty spaces of channelless 

35 standard cell; 

FIG-10B is a plan view illustrating an example in 

-11- 
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which -fjrst to third level metal wirings are arranged on 
the configuration shown in FIG. 10A; and 

FIG* 11 is a schematic plan view showing a pattern 
arrangement of an integrated circuit using a hybrid 
5 standard cell architecture according to a second embodiment 
of the present invention, wherein megacells, megaf unctions , 
and standard cell/gate array mixedly -mounted logic blocks 
are mounted on the same chip. 

10 DETAILED DESCRIPTION OF THE EMBODIMENTS 

Various embodiments of the present invention will be 
Q described with reference to the accompanying drawings. It 

^ is to b£ noted that the same or similar reference numerals 

yg 15 are applied to the same, or similar parts and elements 

N throughout the drawings, and the description of the same or 

similar 'parts and elements will be omitted or simplified. 



[F$HST EMBODIMENT] 

20 FI(j,3A Is a view showing a configuration of an 

integrated circuit using a hybrid standard cell 
architecture according to a first embodiment of the present 
invention > A feature of the first embodiment resides in 
that, as shown in FIG.3A, a plurality of cell rows 

25 consisting of a plurality of standard cells (SCI, SC2, SC3, 
SC4, SC5 , • . ♦ ) 2 are aligned on a chip 1 and then basic 
cells 4 iused in a gate array are aligned preliminarily in 
respective free areas 3 berween the plurality of cell rows. 
In such j configuration, circuit design is originally 

30 effected by use of standard cells 2. But, if circuit 

changes \ such as modification , supplement, etc. are needed 
thereafter, such modification, supplement, etc. are 
implemented using transistors in the basic cells 4 in the 
gate array being aligned preliminarily. The basic cells 4 

33 may be used at the Initial stage of circuit design. 

According to such approach, since the gate array basic 
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cells 4 arranged as dummies are prepared in advance and 
such basic cell patterns can be utilized If the need for 
circuit change arises thereafter, various circuit changes 
can be made 'only by changing the pattern of metal wiring 
5 layers. 

Therefore, the circuit change can be simply fulfilled, 
unlike the standard cell methodology in the prior art, 
without requiring the pattern change of underlying layers 
such as 4 our; ce/drain diffusion layer, gate polysilicon 

10 layer, e1?c . And various preceding stage steps such as ion- 
implantalsion, CVD. RIE. etc, accompanied with such pattern 
change ar*e not required in the first embodiment. As a 
result, the circuit change caused later can be implemented 
easily arid in a short period of time without deteriorating 

15 a margin; in circuit design characteristic to the standard 
cell methodology. And other advantages of the standard 
cell approach, such as the size and number of the 
transistors can be selected arbitrarily are also 
maintained. Since the basic cells 4 are arranged in the 

20 free areas 3 of the standard cells 2, the standard cells 2 
and the basic cells 4 can also be simply mixedly -mounted to 
have no influence upon positions and circuit performances 
of the initially arranged standard cells 2 rather than the 
approach 'that the basic cells 4 are arranged instead of the 

25 standard ;cell$ 2 in locations in which the standard cells 2 
are to be arranged initially. 

The i gate array basic cells are arranged only between 
cell rowa in FIG.3A, but the present invention is not 
limited to the case shown in FIG.3A. Normally the cell 

30 rows made of the standard ceils include empty spaces 33 

therein.- Accordingly, as shown in FIG.3B, the basic cells 
may also I be arranged in the empty spaces 33 between the 
standard f ceils 2 in respective cell rows. As shown in 
FIG, 3d, the basic cells may also be arranged only in the 

35 empty spaces 33 between the standard cells 2. The 

arrangement of the basic cells in FIG.3C becomes more 
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effective in FIG. 3D which shows a standard cell spread-over 
type planar pattern. Since no wiring channel region 3 is 
providedUn FIG. 3D. an integration density can be extremely 
enhanced;. 

The! basic cells 4 arranged preliminarily as above can 
be utilized to not only change circuit specifications 
merely bkit also further improve performances of the 
circuit. For example, the basic cells 4 may be utilized in 
the circuit formed on the chip 1 so as to construct 
intermediate buffers for distributing a clock signal 
supplied from a. clock driveTrSl^ Normally a tree structure 
circuit i layout as shown in^Fl^A, etc. are employed to 
suppress clock skew of the circuit, but delay times up to 
end terminals of the circuit depends upon circuit scales of 
respective branches in the tree structure and the 
arrangement of the standard cells constituting the circuit. 
Hence, prediction of the delay times is extremely difficult 
before the standard cells are arranged, so that the circuit 
configuration to distribute the clock signal must be 
estimated and then changed in many cases after the standard 
cells have been arranged. In such case, if the gate array 
basic cells 4 are arranged in the free areas 3 and/or empty 
spaces 33 of the standard cells 2 previously, intermediate 

buffers! S2. 53, 58 may be formed by use of the 

basic cells 4 arranged previously as shown in FIG.4B. As a 

consequence, the intermediate buffers 52. 53 58 to 

suppress the clock skew can be easily formed without 
changing the circuit arrangement which is originally 
composed of the standard cells 2. 

As the result of examination and evaluation of the 
circuit performances executed after the circuit has been 
constructed with the standard cells 2. if it has been found 
that drive capability or the delay time is insufficient, 
the circuit can be changed Immediately by using the 
standard cells 2 and the gate array basic cells 4 in 
combination. In other words, the circuit with the optimal 
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drive capability and optimal delay time can be easily 
constructed only by changing the metal wiring layer 

ra'riir 0 * ci : aneia * the circuit c —^< UP t „ now 

or adding the standard cells newly. 
5 EXEMPT .F 1 

A first example according to the first embodiment of 
the present invention shows a layout pattern when heights H 
of outside dimension* (a height H and widths Ws, w ,) of the 

io i^r* c : iis and the basic ceus are ° ade * ^e 

10 configuration shown in FIG. 3C or 3D. In other words 

F1G.5A is a plan view showing patterns before wiring'iayers 
. are formed m the pattern layout obtained when the heights 
are **} to be e ™l- FIG. SB is a view showing a 
situation where metal wiring layers are formed on the 
15 patterns ishown in F1G.5A to have power supply terminals 

(Power supply wirings) on the same vertical locations in a 
Plan vie*. i tt PIG . 5B . the SCandard cells congtlt two _ 
input NAjp gates 5 by use of CMOS* and the gate array 
primitive; cells constituting inverters e by use of CMOSs 
are arrange in adjacent. Wh ere the t6rm » prlmitlve Mim 
means a cell in which metal wiring layers are formed on the 

basic cell". Both cells are identical as pattern 
locationsj on the chip although rhey are different patterns 
in time aeries, m other words, the term "basic cell" i* 
25 used in FIG.5A and the term "primitive cell" is used m 

FIG. SB. but both cells being arranged in the same locations 
are substantially identical to each other. However, the 
cell on which the metal wiring layer is not formed yet in 
succeeding stages in time series is still called as the 
30 basic cell". FiG.sc i s a representation of an equivalent 
circuit of the layout shown in FIG.5B. 

As sl*pwn in FIG.5A. in the first example according to 
the first embodiment of the present invention, an n well 
region 88 of the standard cell and an n well region 98 of 
35 tho gate array basic cell are arranged to be overlapped 
Partially.; Also, a P well region 95 of the standard cell 
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and a p Well region 97 of rue gate array basic cell are 
arranged -to be overlapped partially. In other words, the 
standard- cell 5 with a height H and a width W s and the gate 
array basic cell 6 with a height H and a width are 
5 arranged, to be overlapped partially. A p* source region 
73S, a pr drain region 75D* and an n* contact region 77 are 
formed In the n well region 98 of the standard cell 5. An 
n* source region 76S f an n" drain region 7BD, and a p* 
contact region 78 are formed in the p well region 95 of the 
10 standard cell 5. Further, common gate polysilicon regions 
64. 65 are formed over both the n well region 96 and the p 
well region 95. Similarly, a p~ source region 7is> a p^ 
2 drain region 71D, an n* contact region 73, and a gate 

S polysilicon region 61 are formed in the n well region 98 of 

«3 15 the gate;: array basic cell. An n* source region 72S , an n^" 

]y drain region 72D, and a p* contact region 74, and a gate 

ffi polysilicon region 82 are formed in the p well region 97 of 

Ul the gate: array basic cell. 

f As ihown in FIG.5B, the p" source region 71S in the 

~ 20 gate array primitive cell 6 and the p* source region 75S in 

the standard cell 5 are connected to a high potential power 
supply wiring (VDD) 9 which is provided on a line disposed 
on a same vertical position in a planar pattern via contact 
holes 382, 393, 391. Also, the source region 72S in the 
25 gate array primitive cell 6 and the n* source region 76S in 
the standard cell 5 are connected to a low potential power 
supply wiring (VSS) 10 which is provided on a line disposed 
on a sarnie vertical position in a planar pattern via contact 
holes 38fi, 397. 

30 An inverter in the gate array primitive cell is made 

up of a pMOSFET 01 and an nMOSFET Q2 . A wiring 351 which 
connects! a polysilicon gate electrode ei of tne pmosfet qi 
to a polysilicon gate electrode 62 of the nMOSFET Q2 via 
contact holes 383, 384 mutually acts as an input terminal C 
35 of the inverter. A wiring 352 which connects a p* drain 
region TilD of the pMOSFET Ql to an n" drain region 72D of 
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the nMopFET Q2 via contact holes 381 , 385 mutually acts as 
an output terminal X of the inverter. 

A jrwo-lnput NAND formed in the standard cells consists 
of two pMOSFETs Q3 , Q4 which are connected in parallel to 
S the high potential power supply wiring (VDD) 9 and two 

nMOSFETs Qg. Q 6 which are connected in series between a p- 
drain region 7SD common to the pMOSFETs Q3. Q 4 and the low 
potential power supply wiring (VSS) io. a metal terminal 
354 which is connected to a polysiiicon gate electrode 64 
10 common to the pMOSFET QS and the nMOSFET Q5 via a contact 
hole 392 serves as one input terminal A of the two-input 
NAND. A metal terminal 355 which is connected to a 
polysiiicon gate electrode 63 common to the pMOSFET Q4 and 
the nMOSFET Q6 via a contact hole 398 serves as the other 
input terminal B of the two-input NAND . A wiring 353 which 
connects; a p~ drain region 75D common to the pMOSFETs Q3 , 
Q4 to an: n~ source region 76S of the nMOSFET Q5 via contact 
holes 3$M5, 398 mutually serves as an output terminal Y of 
the two -input NAND. 

With such configuration, since the height (H) of 
outside dimensions of respective cells, vertical positions 
of the high potential power supply wiring (VDD) 9 and the 
low potential power supply wiring (VSS) 10 are designed to 
be identical, respectively, the basic cells can be arranged 
readily between the standard cells. In addition, since 
power supply wirings 9, 10 of both cells are caused to be 
connected only by arranging both cells adjacently, 
connection of the power supply wirings can be easily made. 
Further, signal wirings other than the power supply wirings 
may be foirmed to be identical in vertical position on the 
plan vie* shown FIG.5B. In such case, it is feasible to 
connect easily the signal wirings of both cells to each 
other. 

EXAMPLE 2 

FlG.fJ is a pi an vle w illustrative of a configuration 
of an integrated circuit using the hybrid standard cell 
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architecture according to a second example of the first 
embodiment of the present invention. As shown in FIG. 6, 
standard; cells SCI to SC4 of four types having a uniform 
height b;Ut different widths are arranged on a semiconductor 
5 chip. A- feature of the second example is that the gate 
array basic cells GC which are designed to have the same 
height as the standard cells SCI to SC4 are selectively 
arranged, in a free area 14a which has a height higher than 
those of ; the standard cells SCI to SC4 (i*e. t heights of 
10 cell rows 13a, 13b. 13c) out of free areas 14a, 14b between, 
the cell: rows 13a, 13b, 13c in which the standard cells SCI 
to SC4 ate arranged. In addition, one gate array basic 
cell GC is arranged in the cell row 13a, four gate array 
basic ceils GC are arranged in the cell row I3b 9 and one 
15 gate array basic cell GC is also arranged in the cell row 
13c. These basic cells GC are designed to have the $ame 
height as the standard cells SCI to SC4 and to be connected 
to the high potential power supply wiring (VDD) 11 and the 
low potential power supply wiring (VSS) 12 at the same 
20 vertical | location as the standard cells SCI to SC4. 

In ITIG.6, other signal wirings except power supply 
wirings 11, 12 are omitted. In such second example, 
similar advantages to those in the above first embodiment 
can be achieved.. 
25 EXAMPLE 3 

FIG; 7 is a view illustrative of a configuration of an 
Integrated circuit using the hybrid standard cell 
architecture according to a third example of the first 
embodiment of the present Invention, As shown in FIG. 7, 
30 the third example is characterized in that the gate array 
basic cells GC which are designed to have the same height 
as the standard cells SCI to SC5 are arranged in the free 
areas 16 between the cell rows I5a t 15b, 15c In which the 
standard icells SCI to SC5 of five types having a uniform 
35 height but different widths are arranged. In addition, one 
gate array basic cell GC is arranged in the cell row 15a, 
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four gate array basic cells GC are arranged in the cell row 
15b, and one gate array basic cell GC Is also arranged in 
the celi row 15c. The height of these basic cells GC which 
are inserted into the cell rows 15a, 15b, 15c respectively 
5 is designed to be identical to those of the standard cells 
SCI to SC4 • The high potential power supply wiring (VDD) 
11 and the low potential power supply wiring (VSS) 12 of 
the basic cells GC which are inserted into the cell rows 
15a, I5h, 15c respectively are designed to be provided at 
10 the same; vertical location as the standard cells SCI to 

SC4. In FIG. 7, in the cell row 15b, the standard cell SC1 X 
is connected to the standard cell SC4 via a wiring si and 
also thei Btandard cell SC4 is connected to the standard 
cell SCl;ia via a wiring s2. In the cell row 15c, the 
15 standard; cell SC3 is connected to the standard cell SC1 3 
via a wiring s5 and also the standard cell SCla is 
connected to the standard cell SC2 via a wiring s6 . 

In the design process of the standard cells which have 
the free; areas 16 between the cell rows, as shown in FIG. 7, 
20 the height of the free areas 16 between the cell rows or 

the height of the standard cells is variable. The standard 
cell design methodology has such an advantage that a size 
of the transistor can be selected freely to carry out the 
pattern design according to user's specifications from the 
25 initial stage and optimization of wirings to connect 

respectlye standard cells can be facilitated. Since the 
standard; cell design methodology has such margin in design, 
the height of the standard cell is in general lower than 
that of the gate array basic cell. If the height of the 
30 gate array basic cell is lower than that of the common gate 
array basic cell, a difference In height between the 
standard cell and the gate array basic cell can be reduced, 
so that an increase In area can be made small even if the 
basic cel|ls are mounted mixedly with the standard cells. 
36 Therefore, if the standard cells each has a smaller width 
and a substantially same area as the gate array basic cell 
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are substituted initially by the gate array basic cells > as 
shown la FIG. 7, the number of the basic cells usable for 
circuit modification can be increased when s\ich circuit 
Hiodif 1 cation is needed, so that changing operation in 
5 design can be facilitated. As a result, if design change 
is requested in the course of design, such design change 
can be satisfied only by changing the wiring layer forming 
step et jseq, and therefore a time consumed to modify the 
circuit ban be lessened. If there exists location where 

10 replacement of the standard cell will be expected later in 
the cell; rows 15a, 15b, 15c even when the area of the 
standard) cells is not the same as the gate array basic 
cell, the basic cell GC may be arranged previously in such 
location:; in place of the standard cell. In this case, 

15 changing? operation In design can also be facilitated. 
EXAMPLE 4 

In the above third example, the basic cell arrays GC 
which are arranged in the free areas 16 in the layout 
pattern shown in FIG. 7 have not been mentioned. FIG. 8 is a 

20 view illustrative of an example (fourth example of the 

first embodiment of the present invention) wherein circuit 
change Ijs effected by changing the wiring step et seq. with 
the use of the basic cell arrays GC which are arranged in 
the free! areas 16. In FIG. 7 illustrative of the third 

25 example, I in the cell row 15b, the standard cell SCli has 
been connected to the standard cell SC4 via the wiring si 
and alsoi the standard cell SC4 has been connected to the 
standard^ cell SC1 * via the wiring s2. On the contrary, 
according to the circuit change in the fourth example, the 

30 basic ceil array GC t arranged in the free area 16 Is 

employed! instead of the standard cell SC4. Namely, the 
basic cell array GCi and the standard cell SCli are 
connected via a wiring s3. And also the basic cell array 
GCi and the standard cell SC1» are connected via a wiring 

35 s4. Hence, the wirings si, s2 shown in FIG. 7 are 

eliminated. The high potential power supply wiring (VDD) 
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17 of the basic cell array GC X arranged in the free areas 
16 la connected to the high potential power supply wiring 
11 in the cell row 15b via a wiring 18, Similarly, the low 
potential power supply wiring (VSS) 19 of the basic cell 
5 array GC* is connected to the low potential power supply 
wiring 12 In the cell row ISa via a wiring 20. 

Furthermore, according to the circuit change shown in 
FIG.7, in the cell row 15c, the standard cell SC3 has been 
connected to the standard cell SCI® via the wiring s5 and 
10 also the[ standard cell SC1 3 has been connected to the 

standard, cell SC2 via the wiring s6. On the other hand, In 
the fourth example, as shown in FIG. 8, two basic cells GC a 
arranged in the cell row 15b are employed instead of the 
standard; cell SC1 3 - In other words, in FIG. 8, the basic 
^ 15 cell GC 3 ; and the standard cell SC3 are connected via a 

k| wiring S? and also the basic cell GC a and the standard cell 

H SC2 are connected via a wiring s8 # thereby eliminating the 

3 2 5 : . 

wirings &5» s6. The wiring layers for the standard cell 
3 SC4 in the cell row 15b and the standard cell SCla in the 

f! 20 cell row 15c, which are not used, are removed, 

kl As apparent from the third and fourth examples, 

Ly according to the first embodiment of the present invention, 

*S circuit modification can be implemented only by changing 

^ the wirings so that circuit change can be achieved easily 

25 and in a short period of time* In addition, a semicustom 
ASIC can.- be constructed by employing the standard cells and 
the basic cells on the same semiconductor chip. 
EXAMPLE 5 

FIG. 8 is a view Illustrative of a configuration of an 
30 integrated circuit using the hybrid standard cell 

architecture according to a fifth example of the first 
embodiment of the present invention. 

In FIG. 9, a wiring grid 26x-26y is formed on the 
standard cells 23 (areas surrounded by a thick solid line 
35 and shaded by lef t-upwardly oblique lines) arranged in the 
cell rows 21. 22 and the gate array basic cells (areas 
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surrounded ;by a thick solid line and shaded by right- 
upwardly oblique lines) 25 arranged in the free area 24, A 
feature lof the fifth example resides in that geometrical 
relationship between the standard cells 23 and the basic 
5 cell3 25 along vertical lines are adjusted such that the 
wirings having a fixed width can be passed through vertical 

line gro-upsxi. x» x» 4 .... of the wiring grid 26x-26y 

not to generate difference in level at the cell row 21. the 
free areia 24, and the cell row 22. It is of course that, 

10 like thej second to fourth examples, left to right relations 

i 

are adjusted along the lateral line groups y 1 . y a . . , 
yi»,**.*: In other words, in the integrated circuit using 
Q the hybrid standard cell architecture according to the 

fifth example of the first embodiment of the present 
JJ IS inventioht the standard cells 23 and the basic cells 25 are 

jSJ arranged! pursuant to the same wiring grid system 26x-26y. 

H: According to such fifth example* the metal wirings on 

yri the gatej array disposed in the free area 24 between the 

s cell rows cin be easily laid along the wiring grid 26x-26y. j 

Jit 20 In addition, if the outside dimensions of the standard cell 

m 23 (height H and widths Wi, W* , W* , ♦ ♦ . ) are designed based 

yj upon the I outside dimension of the gate array basic cell 25 j 

C (height H and weight W^) as basic unit, constraints on the 

arrangement and routing can be relaxed further and j 
25 therefore their mixedly mounting can be facilitated. For 
example,; the circuit may be designed such that the widths 
Wi, W S( of the standard cells 23 are Integral n 

multiple I (n=l, 2, 3....) of the width of the gate array j 
basic ceil 25, I 
30 EXAMPLE 6 

FlGjlOA shows a sixth example wherein the first 
embodiment of the present invention is applied to an 
arrangement of channel less type standard cells. More 
particularly, the gate array basic cells GC are arranged in 
35 the empty spaces 33 on the arrangement pattern of the 

standard cells SC ii# SC 12l SCai, SC„ , SC 31 ♦ SC« lt SC 4 a . 
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Such advantages can be accomplished that integration 
density can be imprbved by spreading the channelless 
standard;, ceils all over the surface and wiring design can 
be made jeasy because no fixed wiring area remains, and in 
5 addition^ the circuit change can be very facilitated since 
the gate: array basic cells are provided in the periphery. 
Like the; fifth embodiment, the standard cells Sd lt SCia, 
SC 31 , sq»a, SCsi, SCai. SCa2 and the gate array basic cells 
GC are arranged pursuant to the same wiring grid xi , 

io Xz ixao t ♦ • • i y i * y» t * • • * ya*7 * • • • 

FIG. 10B is an example in which metal wiring layers are 
formed by use of the wiring grid x x , x 3 , . . . , x 3C ....; yi» 
O y 2 ,.-.. y»7,... with respect to the underlying pattern 

JJ; shown in FIG. 10A. As shown in FIG.10B. the high potential 

ifl 15 power supply wirings (VDD) ll and the low potential power 

H supply wiring (VSS) 12 are placed along boundaries between 

Jrt upper csjll rows and the lower cell rows as the power supply 

yl wirings j common to the upper and lower cell rows 

f respectively. The high potential power supply wiring (VDD) 

in 20 11, the low potential power supply wiring (VSS) 12, and 

ry horizontal wirings 501, 502,-..., 516 constitute the first 

W level metal wiring. Horizontal wirings 401 f 402 415 

constitute the second level metal wiring, and vertical 
wirings ;601, 602,.* . , 613 constitute the third level metal 
23 wiring. Connection between these first level metal wirings 
and the | standard cells or the gate array basic cells, 
connection between these second level metal wirings and the 
standard cells or the gate array basic cells, connection 
between the first level metal wirings and the second level 
30 metal wirings, connection between the second level metal 
wirings and the third level metal wirings, etc. are made 

via contact holes (or via holes) 701, 702 737 provided 

in respective underlayer insulating films which are formed 
below these wirings or between these wirings. FIG.10B is 
35 an example and therefore it is needless to say that the 
fourth level and further upper level metal wirings may be 
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provided- 

[SfiCONB EMBODIMENT] 

FIG. 11 is a view showing* a configuration of overall 
S integrated circuit chip using the hybrid standard cell 
architecture according 1 to a second embodiment of the 
present : invention. The second embodiment of the present 
invention is concerned with a large scale circuit system. 
In which memories* CPU core, ALU , A/D converter, D/A 
10 converter, display, and various I/O circuits are included. 
In the large scale circuit system such as recent LSIs for 
multimedia application, miscellaneous subsystems are 
mounted; with logic circuit 011 a same LSI chip, and the 
second Embodiment of the present invention explain the 
15 large scale circuit system* More particularly, an LSI will 
be explained wherein megacells 213 such as ROM, RAM, etc. , 
megafunqtions 211, 212 such as ALU, CPU core, etc., and 
logic circuit area (logic blocks) 231 are mounted on the 
same semiconductor chip. 
20 In [the logic block on the LSI chip 1 shown in FIG. 11, 

the sat*? array basic cells GC are arranged in the empty 
spaces pf the standard cells SC while using channelle$s 
SJ| standard cells as the basic elements. In the prior art. 

the pattern arrangement of similar mixed type LSI chip 
25 which is called as the embedded array have been known. 
However i since either the gate array basic cells or the 
standard cells are spread all over the logic block in such 
embedded array, the underlying patterns must be changed or 
ion-Implantation, etc. must be executed again if the 
30 circuit I change is needed* As a consequence, a long period 
of time; has been required to design and manufacture the 
circuit « 

In I the second embodiment of the present invention, as 
shown in FIG. 11, the gate array basic cells GC are arranged 
35 preliminarily In the empry spaces in which the standard 
cells SG are not arranged In the logic block 231 f and the 
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circuit change is made by use of the basic cells GC. 
Therefore, various circuit change can be implemented only 
by changing the wirings with no influence on the circuit 
configuration of the standard cells, so that turn around 
5 time can be shortened* In addition, if specifications of 
the standard cells SC and the basic cells GC are mated with 
each other to be arranged on the same grid, mixed standard 
cell and basic cell layout can be facilitated and also 
constraints in arrangement and routing: can be relaxed 

10 widel3' In contrast to the prior art. 

Especially, the gate array basic cells have such a 
disadvantage that sometimes power consumption cannot be 
reduced; by reducing the transistors according to 
specifications since sizes of the transistors are fixed. 

15 In contrast, since sizes of the transistors can be varied 
even if the height of the cell is fixed, power consumption 
In the standard cells can be reduced by reducing the sizes 
of the transistors according to requested specifications. 
Hence, £ower consumption of overall LSI chip can be reduced 

20 by combining the gate array basic cells with the standard 
cells appropriately. Furthermore, it is similar to the 
first embodiment that intermediate buffers can be arranged 
easily by means of combinations of the standard cells and 
the gate array basic cells to increase the driving 

25 capability and to suppress the clock skew. 

In ; the second embodiment of the present invention , it 
Is a matter of course that the structure which has the 
wiring channel regions explained in the first embodiment 
may be adopted as patterns in the logic block 231. Of 

30 course, j the structures explained in the first to sixth 
example; of the first embodiment may be applied to the 
second embodiment . 

Whether a total occupied area of the standard cells SC 
in the logic block 231 or the gate array basic cells GC is 

35 set larger is a matter of choice* A ratio of total areas 
may be selected depending upon circuit specifications. 
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Various modlf 1 cat Ions will become possible; for those 
skilled; in the art after receiving the teachings of the 
present \ disclosure without departing from the scope 
thereof ; 
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